Introduction to Engineering Design Course
Our Introduction to Engineering Design course offers first year engineering students from all engineering disciplines a chance to work together on design projects, and participate in lectures covering design topics that span multiple disciplines of engineering. This introductory freshman engineering course has been offered since 1994, and is highly valued by faculty and students. 2 In the laboratory section, they work in teams of 8-12 with a $200 budget (funded by our College of Engineering) to solve a real-world, client-based engineering design problem proposed mostly by individuals in the local community. Our regular clients often encourage others in the community to apply to our program. To further recruit clients and projects, mass emails are sent out in the fall, spring, and summer to past clients, University researchers, and to local non-profit organizations. For example, one of our clients is the United Cerebral Palsy (UCP) of our county. What started as one lone project in 2012 to build a stair railing for a woman with cerebral palsy, has now turned into several projects every semester due to the overwhelming success with our students. UCP is now in constant contact, continually supplying new projects, and even additional funding in some cases, to help those with motor disabilities in our community. We have also partnered with children's museums, the Department of Natural Resources, local farmers, and many other individuals and communities in need with similar success stories.
The students learn how to interact with a real client, work as a team, as well as communicate using respectful people-first language. The students learn the design process first-hand, from brainstorming, design specifications, literature research, and design evaluation to design implementation. Students are required to record this entire process in a design notebook, present their prototype to their classmates and client, and write a report at the end of the semester. The design notebook also serves as documentation of each individual student's contribution to the project. Through this process the students understand the value of team-work and maintaining a design notebook.
Over the last five years, the number of students taking our course has nearly doubled to now nearly 1000 students per year. Currently, there are 13 instructors to instruct the laboratory Page 26.293.2 sections of this course. These instructors are tenure-track faculty, teaching staff, and individuals from industry. To assist the instructors, each lab section has two student assistants who have previously taken the course or have an engineering background. Maintaining consistency between labs and evaluating the course work for the increasing number of students has become arduous.
Especially daunting is assessing their design notebooks, which on average are 33 per laboratory section. Design notebooks are a critical piece that highlight an individual's contribution to the team and protect their intellectual property. Additionally, even as freshmen, the students utilize a variety of technology in their designs, much of which is difficult to print or include in a bound paper notebook. To combat these issues, as well as offer new technology to first-year engineering students, we implemented LabArchives electronic laboratory notebooks (ELN) as a replacement for the previously used paper notebooks. First, ELNs were introduced as a pilot in three lab sections in Spring 2014. Due to the success of this pilot, as well as success in other courses, ELNs were then offered to all sections this past Fall 2014 semester. Here we assess the implementation strategies and use of the ELN (LabArchives Classroom Edition) in the freshman Introduction to Engineering course, including the facilitation of instruction, enhanced student design notebook performance, and the added benefit of peer-to-peer collaboration and learning through notebook sharing. Evaluation was performed through student and instructor surveys at the end of the Fall 2014 semester.
Electronic Laboratory Notebooks
Electronic laboratory notebooks (ELNs) give students an opportunity to utilize advanced technology to record and store data online that has traditionally been hand-written in paper notebooks. In general, ELNs have numerous advantages over paper notebooks including: sharing with teammates; accessing remotely; cannot be lost; easily graded anytime; can easily upload videos and computer generated images; organized system; and saves resources such as paper. ELNs have also shown direct benefits to our students in our Biomedical Engineering (BME) upper classmen design classes. The benefits include neatness, organization, quality and quantity of entries, and availability of the content to instructors, clients, and teammates. 2 LabArchives ELN was chosen due to the very successful implementation of the classroom version in the Department of Biomedical Engineering (BME) Design Courses, and the fact that our university began a campus-wide contract with LabArchives to provide this technology to research labs and other courses. LabArchives was well-studied and compared with numerous other ELNs and deemed the best option currently available that provided both a research and classroom edition.
Electronic Laboratory Notebook Format
Due to considerable reluctance by many instructors teaching the freshman course, implementation of the ELN as a replacement for the paper design notebook was strongly encouraged, but optional. During the Fall 2014 semester, 7 (of 13) instructors elected to use the ELN in their classrooms. A master notebook was created with folders representing the general stages of the design process including: brainstorming, background research, design sketches, design evaluation, fabrication, and prototype testing and analysis. Other folders within this Page 26.293.3
master notebook, such as the contact information table and entry format, were modeled after the BME design notebook.
Survey Results
At the end of the Fall 2014 semester, all students, student assistants and instructors (regardless of whether they used paper notebooks or the ELN) were asked to complete a survey on the use of laboratory design notebooks in our course that semester. Although nearly 50% of students did not use the ELN, response to the notebook survey was very good, with a 76% response rate. Of our lab instructors, 6 used the ELN, 1 used both ELN and paper, and 6 used paper only.
Instructors that used paper only did not respond to the survey. Overall, the percentage of students who would choose to use the LabArchives ELN in the future was low at just 40 %. Here, we report some preliminary data related to time spent learning LabArchives (Figure 1 ), resources used to learn LabArchives (Table 1) , and multivariate plots of ELNs vs. paper notebooks performance in logistical categories ( Figure 2) . Figure 3 shows a multivariate plot of ELNs vs. paper notebooks performance in instructional logistical categories. Instructors (5) Figure 1 . Time spent learning LabArchives by those using ELN or ELN and paper. Within each time categrory, the first bar (light gray) is students, the second bar is student assistants (medium gray), and the third bar (dark gray) is instructors. Survey results of 304 students, 15 student assistants, and 5 instructors. Students and student assistants generally spent 0-4 hours, and instructors spent 0-8 hours learning LabArchives.
In general, the trends show that students and student assistants spent a similar amount of time (0-4 hours) and instructors spent more time (0-8 hours) learning LabArchives (Figure 1 ). Students, student assistants, and instructors were then asked to rate the usefulness of resources available to learn LabArchives (Table 1) . Although numerous resources were available to assist with learning LabArchives, students, student assistants, and instructors rarely utilized them. Especially interesting is the lack of using the Quick start guide, and the webinars since these were specifically discussed at meetings and via email to all students and instructors ( Instructional logistics were surveyed for student assistants and instructors only. Student assistants and instructors were asked to rate the ease of completing various tasks in the ELN vs. paper notebooks, such as notebook viewing, performing notebook checks, and finding information. A multivariate plot of the ELN vs. paper notebooks performance for instructional logistical categories with combined results of student assistants and instructors is shown in Figure 3 . Again, student assistants rated the ELN lower than instructors in most categories. Instructors rated ELNs highest for viewing students' notebook and performing notebook checks. 
Conclusion
It is possible that the lack of formal training for instructors and student assistants led to the unexpected negative outcome for a large percentage of students and student assistants. Due to this result in particular, a new strategy for implementation was deemed necessary for the Spring 2015 semester. In an effort to have a smoother transition from paper notebooks to the ELN, all labs were required to use LabArchives ELN for all laboratory design notes during the Spring 2015 semester. LabArchives ELN was briefly introduced to the lectures during the first week, (approximately 235 students each lecture) in order to avoid confusion early on and to insure that all students were aware of this requirement. Instructors and students had differing opinions on the ease of using LabArchives for all notes, including lecture notes. One instructor using both paper and the ELN for lab design stated, "I instructed the students to use both because it was easier to jot down notes and create sketches in a paper notebook, and then transfer the content to the LabArchives later." However, numerous complaints by students and student assistants included language suggesting that scanning and uploading notes was the reason they did not like using an ELN. Due to this, during the current spring semester we are no longer requiring students to upload hand-written notes from lecture.
These preliminary results seem to indicate that student assistants felt that the ELN did not facilitate grading (as indicated in the multivariate analysis of instructional logistics in Figure 4) , and was more difficult to use compared to paper notebooks (See Figure 3b) . Other institutions evaluating ELNs vs. paper notebooks have also reported mixed results. 4 It would seem a worthwhile endeavor to investigate methods of introducing ELNs to make the transition from paper notebooks to electronic notebooks have a more positive outcome.
In the Fall 2014 semester, only instructors and students were emailed the Quick start guide for LabArchives and only instructors were given information regarding how to sign up for webinars. Student assistants were not directly trained to use LabArchives or involved in any discussion. It was assumed that each instructor would provide the necessary information to their student assistants to aid in the instruction of LabArchives within each individual lab.
Student assistants are undergraduate students, and as such are essentially peers of the students taking the course. Students may be more influenced by their student assistants than their instructors. Thus, in an effort to determine if the student assistant's poor ratings of the ELN were due to lack of information and training, all student assistants assigned to labs for the Spring 2015 semester were required to attend an hour long seminar on LabArchives given by a course coordinator, as well as a thirty minute webinar given by LabArchives staff. These sessions were given one week prior to the start of classes and were geared toward putting the student assistants in control of the ELN implementation and grading in the labs. Student assistants readily embraced the new technology and the opportunity to lead the implementation. This also eased the burden of learning and teaching new technology for the instructors. Instructors that previously declined using the LabArchives ELN during the Fall 2014 semester, are now required to use the ELN for the current Spring 2015 semester. The student assistants have been given the opportunity to lead the student training in each individual lab, and will serve as a liason between instructor and student. This model more closely aligns with previous successful ELN implementation in other courses in engineering 3 , thus these changes are expected to have a significant positive impact this semester in our Introduction to Engineering Design course.
Currently, based on observation and meetings with student assistants and instructors, it appears that the additional training and eliminating the lecture notes requirement are already having a positive impact on LabArchives implementation. We are also already receiving positive feedback from students and student assistants on the ease of use, sharing, and organization capabilities of LabArchives. At instructor meetings this semester, it is clear that grading is significantly easier in LabArchives than the previously used paper notebooks. The ELN is organized into folders that follow each step of the design process, allowing instructors to quickly determine if students Page 26.293.9
have created and/or uploaded appropriate entries. The ELN is also available for viewing at any time without hindering student progress, in contrast to the previously used paper notebooks which could only be viewed when students turned them over to instructors. Implementing ELNs has already been shown to significantly improve ease of grading and student performance in many areas such as quality and quantity of entries, neatness, and organization, thus we feel compelled to determine the best mode for successful implementation of ELNs in our freshmen course. 3 During the next few months, the Fall 2014 survey results will be further analyzed, including word analysis of student comments related to their paper and/or ELN experience. This will allow a more in-depth understanding of paper vs. ELN student notebook performance. The hope is that the data gleaned from the Fall 2014 semester will lead to a better electronic notebook experience for our Introduction to Engineering Design students in the future.
